Abstract: Conservation of identified germplasm is an important component for efficient and effective management of plant genetic resources. Since Chlorophytum species are important medicinal plants, studies were carried out for identification and establish genetic relationships in three species of Chlorophytum and two high yielding genotypes of Chlorophtum borivilianum using RAPD markers. Out of one hundred primers tested, 47 decamers amplified a total of 454 distinct bands ranging from 0.25-3.0 kbp to identify and to evaluate genetic relationships between and among three species of Chlorophytum and two genotypes of Chlorophtum borivilianum. The cluster analysis indicated that three species of Chlorophytum and two genotypes (NRCCB-1 and NRCCB-2) of C. borivilianum formed two major clusters. The first major cluster constituted C. arundinaceum and C. tuberosum, and the second major cluster composed of two subclusters; the first subcluster represented NRCB-1 and NRCB-2 where as the second subcluster represented C. borivilianum. Thus, the RAPD markers have the potential for identification and characterization of genetic relatedness among the species and genotypes. C. borivilianum along with two genotypes also showed similar banding patterns which could be chosen as candidate markers for differentiating the other two species such as C. arundinaceum and C. tuberosum. This would helpful for breeding programmes and provides an important input in conservation biology.
Introduction
In the recent years there has been renewed interest in natural medicines as pharmaceutical industries depend in part on plants for the production of secondary compounds. The genus Chlorophytum belonging to family Liliaceae is comprised of about 75 species of perennial, rhizomatous herb, distributed in tropical and subtropical regions of the world (Kirtikar & Basu 1994 ) out of which 17 species are found in India (Anonymous 1992) . Chlorophytum arundinaceum (Roxb.) Baker, C. borivilianum Santapau and Fernandes and C. tuberosum Baker are grouped under one trade name of safed musli which is used extensively in ayurvedic medicine (Bordia et al. 1995) .The tuberous roots of C. arundinaceum is especially used in the treatment of rheumatism and the roots constitute the drug is considered as a valuable nervine and general tonic for strength and vigour (Anonymous 1992) . Moreover, its active constituents especially steroidal sapogenins (Tandon & Shukla 1993 ) are known to possess adoptogenic and aphrodisiac attributes. The peeled and dried fasciculated roots of C. borivilianum are considered a wonder drug in traditional Indian systems of medicine due to its aphrodisiac and natural tonic properties (Singh & Chauhan 2003) . It is also used for treatment of certain diseases like rheumatism, renal calculus and leucorrhoea. It is lactating, energetic to heart. Tuberous roots are having great medicinal value containing the steroidal sapogenin (1-2%), proteins (10-12%) and calcium (Pullioh 2006) . The tuberous roots of C. tuberosum are reported to be used as a non-hormonal restorative tonic for men and women. It is also used as a general purpose tonic against fatigue, weakness and general debility. The tuberous roots are reported for the treatment of leucorrhoea (Pullioh 2006) . Being the source of food and medicine against a spectrum of ailments, the wild populations of these species have been severely eroded due to overexploitation for which conservation of the species is necessitated.
The most important role of conservation is to preserve genetic variation and evolutionary processes in viable populations of ecologically important species in order to prevent potential extinction (Soule & Simberloff 1986) . Evaluation of the genetic relationship among species is also important for the sustainable conservation and increased use of plant genetic resources. Traditionally, morphological characters have been used to de-Identification and assessment of genetic relationships in Chlorophytum 245 fine the taxonomic status which can also be affected by environmental and soil conditions. On the other hand, problems associated with variability and plant growth conditions are easy to cause confusion in the species identification. Unequivocal identification of medicinal plants at species level is also a critical step for assurance of quality, efficacy and safety in the herbal medicine industry (Lau et al. 2001; Zhang et al. 2005; Sucher & Carles 2008) . Therefore, DNA fingerprinting of all the genetic resources of the medicinal plants is necessary for generating a molecular database as well as to utilize the information in a systematic manner. Molecular techniques also help the researchers not only to identify the authentication of the genotypes, but also in assessing and exploiting the genetic variability (Whitkus et al. 1994 ). Besides, a better understanding of the genetic relationship among genotypes and molecular markers can be useful for designing strategies for gene introgression and breeding programmes to produce desired recombinant hybrids. Since there is no report available on identification and genetic variability within the species of the genus Chlorophytum, we report the genetic relationships of Chlorophytum species along with two high yielding genotypes based on RAPD analysis.
Material and methods

Plant materials
Three species of safed musli C. arundinaceum, C. tuberosum, C. borivilianum (seed raised plants from a mixed population; seeds collected from different germplasm of M.P., Gujarat, and Rajasthan and planted at DMAPR, Anand), and two genotypes of C. borivilianum [two superior lines were identified by DMAPR on the basis of root yield, morphology and saponin content and got registered by the National Germplasm Registration Committee as INGR no. 04113 (NRCCB-1) and INGR no. 04114 (NRCCB-2)] were taken for study. These were collected from the field of DMAPR, Anand, Gujarat, India. Leaves from five different plants of the same species and two genotypes were collected at random and leaf samples of each species and lines pooled together from which genomic DNA was isolated.
Total DNA isolation DNA was extracted from fresh leaves derived from the plants of C. arundinaceum, C.tuberosum, C. borivilianum ( mixed population of seed germinated plants) and two genotypes of C. borivilianum (high root yielding lines identified by DMAPR) grown at the gene bank of DMAPR, Anand, by using modified CTAB method (Bousquet et al. 1990 ). Fresh leaves (∼ 300 mg) along with 20 mg PVP were ground to a powder in liquid nitrogen using a mortar and pestle. The homogenized powder was transferred to a 25 mL sterile polypropylene tube with 10 mL of CTAB buffer. The extraction buffer consisted of 4% (w/v) CTAB (cetyltrimethyl ammonium bromide), 1.4 M NaCl, 20 mM EDTA (pH 8.0), 100 mM Tris-HCl (pH 8.0) and 2% (v/v) β-mercaptoethanol. The homogenate was incubated at 65
• C for 1 h, extracted with an equal volume of chloroform: isoamyl alcohol (24:1), and centrifuged (Sorvall Super T21, Kendro, Germany) at 10,000 rpm for 20 min. The DNA was precipitated from the aqueous phase by mixing with an equal volume of isopropanol followed by washing with 70% ethanol. The DNA pellet was then air dried and resuspended in 10 mM Tris, 0.1 M EDTA buffer (pH 8.0). Quality and quantity were checked by running the dissolved DNA in 0.8% agarose gel along side uncut λ DNA of known concentration. The DNA was diluted to 30 ng/µL for RAPD.
Primer screening
One hundred 10-mer primers, corresponding to kits A,C, D,N and P from Operon Technologies (Almeda, California) were initially screened using 3 species and two genotypes to determine the suitability of each primer for the study. Primers were selected for further analysis based on their ability to detect distinct, clearly resolved and polymorphic amplified products within the species of Chlorophytum and genotypes of C. borivilianum. To ensure reproducibility, the primers amplifying no, weak, or any complex patterns were discarded.
RAPD analysis
One hundred 10-base primers (Operon Technologies, Alameda, USA) were used for Polymerase Chain Reaction (PCR). Amplification reactions were performed in volumes of 25 µL containing 2.5 µL of 10X assay buffer (100 mM TrisHCl; pH 8.3, 500 mM KCl, 15 mM MgCl2), 0.2 mM of each dNTPs (dATP, dCTP, dGTP and dTTP) (MBI Ferment Inc., Maryland, USA) 5 pg of primer, 1.0 unit of Taq DNA polymerase (Bangalore Genei Pvt. Ltd., Bangalore, India) and 30 ng of template DNA. The amplification reaction was carried out in a DNA Thermal Cycler (Eppendorf AG, Hamburg, Germany) programmed for 44 cycles as follows: 1 st cycle of 5 min at 94 After completion of the PCR, 2.0 µL of 6X loading dye (MBI Ferment Inc. USA) was added to the amplified products and were electrophorsed in a 1.5% (m/v) agarose (MBI Ferment Inc. Maryland, USA) gels with 1X TAE buffer, stained with ethidium bromide and photographed under UV light. The sizes of the amplification products were estimated by comparing them to standard DNA ladder (Gene Ruler 100 bp DNA ladder plus and 1 Kb DNA ladder; MBI Ferment Inc., Maryland, USA). All the reactions were repeated three times. Seventy six primers were amplified on the basis of the clarity of the banding patterns.
Data analysis
The presence/absence of bands in RAPD analysis was recorded in binary (0,1) form. All the bands (polymorphic and monomorphic) were taken into account for calculation of similarity with a view to avoid over or underestimation of the distance (Gherardi et al. 1998 ). Jaccard's coefficients of similarity (Jaccard 1908 ) was measured and a dendrogram based on similarity coefficients generated by the un-weighted pair group method using arithmetic averages (UPGMA) (Sneath & Sokal 1973) and SHAN clustering. The statistical analysis was done using the computer package NTSYS-PC (Rohlf 1997) . Resolving power (Rp) of the RAPD primer was calculated according to Prevost and Wilkinson (1990) : Rp = ΣIB, where IB (band informativeness) = 1 -[2 × (0.5 -P)], P being the proportion of the 3 species and 2 genotypes containing the band. The Primer Index was calculated from the polymorphic Index. The Polymorphic Index (PIC) was calculated as PIC = Σ P 2 i , Pi is the band frequency of the ith allele (Smith et al. 1997) Here, the PIC was considered to be 1-p2-q2, where p is the band frequency and q is no band frequency (Ghislain et al. 1999) . PIC value was then used to calculate the RAPD Primer Index (RPI). RPI is the sum of the PIC of all the markers amplified by the same primer.
Results
RAPD fingerprints of three species of Chlorophytum and two genotypes of Chlorophytum borivilianum were carried out with one hundred random decamers out of which only 47 primers resulted in reproducible and scorable bands. The details of the primers producing scorable bands, their nucleotide sequence, and number of amplicons, number of polymorphic/monomorphic bands, number of unique bands and the range of amplified fragments are presented in Table 1 . A total of 463 numbers of loci were amplified out of which 450 loci were polymorphic and 13 were monomorphic showing 231 species/genotype-specific loci. The RAPD banding pattern of the three species of Chlorophytum and two genotypes of C. borivilianum is represented in Fig. 1 . The maximum of 182 loci was amplified in case of C. arundinaceum and C. borivilianum and the minimum (152) in case of C. tuberosum (Table 2 ). The highest number of 101 unique bands was detected in C. arundinaceum followed by (70) C. tuberosum; the lowest number of unique bands (6) was recorded in NRCCB-2. In C. arundinaceum, the maximum number of 170 polymorphic loci was amplified and the least (139) were observed in C. tuberosum (Table 1 ). The sizes of the fragment were observed in the range of to 250-3000 (Table 1) . Among the primers used, the maximum numbers of unique bands (12) were amplified in OPA 08 whereas the lowest number (1) of species/genotype-specific loci got amplified in the primer OPC 04, OPC 08, OPP 06, 07 and OPP 11. The two genotypes along with C. borivilianum showed similar banding patterns in OPA 04 and OPA 16 having fragment sizes of 1190-1425 and 620-1820 bp respectively which could differentiate the other two species taken for study (Fig. 2) . Of all the primers used, the resolving power (RP) ranged from 04 to 13.6 (Table 1) . Maximum (0.952) and minimum (0.327) primer index was observed in OPD 05 and OPC 17 respectively. The two genotypes (NRCCB-1 and NRCCB-2) showed maximum similarity (73.7%) among them. However, there was only 42-43% similarity among two genotypes and C. borivilianum collected from a mixed population (Table 3) . Similarly, NRCCB-2 and C. borivilianum were close to each other exhibiting 43.5% similarity. The constructed dendrogram (Fig. 3) showed two distinct clades, one containing NRCCB-1, NRCCB-2 and C. borivilianum and the other consisted of C. arundinaceum and C. tuberosum. Both the clades shared a common node at approx. 11.0% level. In the first clade, C. arundinaceum and C. tuberosum had a similarity index of approx. 18.8%. In the second clade (C. borivilianum cluster), NRCCB-1 formed a cluster with NRCCB-2 having 74% similarity and together shared a common node with C. borivilianum at 42.5% of similarity.
Discussion
Authentic identification of taxa is very much essential for breeders to ensure protection of intellectual property right and also for propagators and consumers. The traditional method of identifying species by morphological characters linked with DNA profiling can be useful for the clarification of taxonomic position. DNA profiling through RAPD markers has been used for the diversity analysis and duplicates identification within the large germplasm population (Nayak et al. 2003 ) identification of varieties/species (Prince et al. 1995) , phylogenetic relationship (Nair et al 1999) and conservation and management of genetic resources (Bretting & Widrelechner 1995) . Evidently, RAPD technology is a rapid and sensitive technique, which can be used to estimate relationships between closely and more distantly related species of Chlorophytum. Analysis of the RAPD profile for band similarity indices could clearly differentiate all the species of Chlorophytum and two genotypes of Chlorophytum borivilianum. The genetic similarity matrix indicated a wide variation among the three species. Low level of (17%) similarity between C. arundinaceum and C. tuberosum were observed from the cluster as their chromosome numbers varied significantly from 42 to 16 (Malla et al. 1979; Raghavan et al. 1977) . Similarly, C. tuberosum and C. borivilianum exhibited chromosome numbers 16 and 28 respectively (Kumar & Rao 1958; Geetha & Maiti 2002) ) where only 13% similarity among them was noted. Earlier, tuber attachment and root behaviour was the key marker for identification of C. borivilianum and C. tuberosum (Shah 1978) ; however, sometimes uprooting might be resulted in the death of the plants at the seedling stage. Interestingly, a wide variation was observed between C. borivilianum (plants collected from the mixed population) and two genotypes (NRCCB-1, NRCCB-2) of C. borivilianum; the reason was due to the mixture genotypes in the population. C. borivilianum was reported as a highly cross pollinated crop (Geetha & Maiti 2002) . These results are in close correspondence with earlier report of Bhagat & Jadeja (2003) who observed variability between and within different collections of Chlorophytum species using various morphological attributes collected from different locations of Rajasthan, Gujarat and Madhya Pradesh. Similarly, both the genotypes viz. NRCCB-1 and NRCCB-2 of C. borivilianum were very closely related showing 74% similarity as expected. The morphological characters were the result of the expression of the functional genes. The RAPDs took into account not only the functional genes but also the sequences of the DNA which are not expressed. The DNA profiling in Chlorophytum spp. clearly showed that it was possible to analyze the RAPD pattern for correlation of their similarity and distance between and among species, by which one could predict the origin of species with great extent. Though Pahuja & Kumar (1969) attempted to develop the relationship between the distribution pattern and karyotype evolution of two species viz. C. arundinaceum and C. tuberosum, however, they could not provide a clear picture for identification. Key for identification of different species of Chlorophytum was developed by Cooke (1901 Cooke ( -1908 . The taxa specific RAPD band could be utilized to define the identification of plant species (Rajaseger et al. 1997; Rout 2006) . Similarly unique banding patterns were observed differentiating 3 species of Chlorophytum and two genotypes of C. borivilianum from each other by using 46 decamers. Moreover, the species C. borivilianum along with two genotypes also showed similar banding patterns in some of the primers which could be chosen as candidate markers for differentiating the other two species such as C. arundinaceum and C. tuberosum. Thus RAPD marker could be used for differentiating
Chlorophytum spp. and also will be helpful for conservation of germplasm and management of genetic resources (Brown & Kresovich 1996) . The wide range of variations in banding pattern in different species of Chlorophytum proved the usefulness of RAPDs for studying the proper identification and genetic relationships between and among species. Similar type of studies was made in recent past in nineteen species of Orobanche and five species of Typhonium (Roman et al. 2003; Acharya et al 2005) . A further sequence analysis and transfer of these species-specific RAPD markers in to sequence characterized amplified region (SCAR) markers would be very useful for a fast and effective diagnosis of the medicinal herb. Species-specific DNA markers were found in 3 of 5 investigated Chlorophytum species. It is necessary to search extensively at genome scale for more RAPD markers or molecular markers of other types for molecular diagnosis tool specific for additional Chlorophytum species.
In conclusion, our study demonstrated that RAPD technique was very effective in determining genetic relationship of Chlorophytum at species level. Cluster analysis based on RAPD profiles clearly identified Chlorophytum species and provided a molecular diagnosis tool for the authentication of valuable medicinal plant species. The RAPD markers reported in the present study will facilitate the understanding of inter-species gene flow, genetic structure of species, genetic variability and evolutionary relationships in the genus Chlorophytum. It might also be useful for quick identification of any cultivars/ varieties released where the morphological characters are limited.
